Abstract.The use of photocatalytic products for surface coating of buildings contributes to the sustainability of building interventions, due to the reduction of some atmospheric pollutants and self-cleaning attitude. The world market produces a wide range of coatings, applied in limited thickness, transparent and opaque, high initial performance, although data on their durability are still missing. The knowledge of the performance over time of such innovative products is necessary according to the new EU Regulation No. 305/2011, which introduced for construction works, the seventh requirement on their sustainability and particularly their durability. The study concerns the evaluation of the durability of white photocatalytic paint, TX Active cement-based. The methodology is based on ISO 15686 and consists in monitoring the most significant selected parameters, during laboratory accelerated aging tests and natural environment exposure. Measured performance were the morphological appearance of the surface, the photocatalytic activity and the color. The results obtained demonstrate the efficiency in time and the maintenance of performance of the photocatalytic paint, above limits defined by standards and conservation of color.
Introduction
In the past two decades, photocatalytic products (plasters, coatings, painting, paving, flooring, tiles) attracted a broad market segment because of their contribution to the mitigation of environmental issues. The use of photosensitive nano-materials, mixed with the basic formulations of building products, provides significant reduction of harmful substances: air pollutants, purification of water and air [1, 2, 3] . The principle of activation of these nanometric and/or micrometric semiconductors is based on the absorption of light and consequent oxidation of harmful substances. Titanium dioxide (TiO 2 ) is the most efficient among the solid semiconductors and the most used in the construction industry for its wide availability, low cost, high photo-activity and self-cleaning properties [4] . The durability aspect, especially for innovative materials and products, is still less known, although of significant interest, because of the recent Regulation EU No. 305/2011, repealing the Directive 89/106/EEC [5] . This new regulation introduced the requirement of "the sustainable use of natural resources", in the design and realization of constructions, and in particular of the durability. This paper presents a study on the durability of a photocatalytic paint, formulated at the laboratories of CTG Italcementi group, according to the method specified by ISO 15686.
The research methodology, the parameters investigated and the materials used
The research is part of national and international studies on the evaluation of the durability of building products and components, according to the methodology of ISO 15686 and UNI 11156, based on the assessment of the service life of the component through correlations (time rescaling) between accelerated aging tests in laboratory and outdoor natural aging. The surface coating product tested is classified among "the paints" (UNI 8752:1985) and was applied in limited thickness, about 300 microns. It is a new formulation of photocatalytic paint, TX Active cementbased with titanium dioxide, which ensures, for outdoor applications, that the product has remarkable self-cleaning attitude and reduction of harmful substances, particularly of nitrogen oxides. The photocatalytic activity measurements, in terms of NOx reduction, were performed according to the UNI 11247. The paint, white in color, was applied on substrates in tile, thickness of 4 cm, whose dimensions were 20x20 cm, parts not subject of observations were waterproofed. For the test of outdoor natural aging, samples were exposed to the South with inclination of 65° to the horizontal. To evaluate the photocatalytic activity, from each tile, 4 samples, 8x8 cm dimensions, were obtained by dry cutting. The measurement of surface color was made, according to the UNI 8941, by means of spectrophotometer with numerical gloss control. The observations were made with the Standard Illuminant D 65 , with an inclination angle of 10°. The chosen color space was the CIELAB [6] based on the brightness, L*, and the two chromaticity coordinates, a* and b*. Starting from the colorimetric coordinate values measured at time zero, it can be measured the difference of color, E*ab, and the difference of chroma, C*ab, over time. Each color measurement 1 was the average of five.
The artificial aging
The aging cycle for the tests in climatic chamber was developed taking into account the weather and climate of Palermo [7] , typical of the Mediterranean area, as well as the studies conducted by the Durability Group, active in Italy for over 15 years [8, 9] , and is reported in table 1. In addition to the climatic chamber ( Fig. 1 and 2 ), tests were also conducted in dry corrosion test cabinet to assess the influence on the paint on marine environment. Each step of aging consists in the repetition of 48 phases 1 + 2, in alternation, for a total of 336 hours (14 days). This is artificial aging cycle A. (Fig. 3) , at T=35°C and RH=87%. This is artificial aging cycle A+B. The accelerated aging, produced inside climatic chamber was concluded with the 6th step, for a total of 2,016 hours (84 days). For each step of the research a couple of 8x8 cm samples was taken for the evaluation of photocatalytic activity. These artificial aging cycles were designed to evaluate the performance of the paint to outdoor weather conditions. 
Results and conclusions
The parameters measured, at the end of each step of artificial aging, were:  photocatalytic activity;  color;  morphological appearance. The results show significant photocatalytic activity up to the 6th step of aging, equal to about 300 cycles, with maximum reduction of 30%. Figure 5 shows the artificial aging with salt spray do not significantly influence the decrease in photoactivity.
Color Using the colorimetric coordinates, that showed marginal changes, the color difference, ΔE*ab, and the chroma difference, ΔC*ab, were calculated. The color difference, ΔE*ab, represents the distance between two points in space L* a* b*, according to the following formula: The color difference shows a trend almost linear up to the 4th step of aging, with similar increases for the samples aged with the standard cycle (A) and the cycle with salt spray (A+B) and a measured color difference in favor of the standard cycle of approximately 1.5 points. After the 4th step, the trend is reversed and the color difference is higher for the samples under the standard cycle, compared to the others, with a difference of about 2.5 points. Data show that the coordinate b* increases progressively towards yellow, while the coordinate a* is kept constant. Luminance, L*, in Fig. 6 has low decrease and no significant difference is evident between the two different aging cycles. The natural aging of the samples in outdoor conditions refers to the weather conditions of Palermo and the exposure period was of 12 months, since November 2010. From these preliminary results, it was observed an initial increase of the color difference on exposure in early winter (November-January). In subsequent months, it was observed that color difference was maintened around 1 point. The procedure of the time rescaling, as codified by ISO 15686 and UNI 11156, was followed, representing the comparison of data derived by artificial aging, with the measured data in outdoor conditions. The evolution of the color of the samples after one year of natural aging is comparable with that of the samples artificially aged after 1 step (48 cycles), according to the two artificial aging tests, standard and salt spray. These evaluations may be more detailed after at least another year of natural exposure.
Morphological aspect
The monitoring with scanning electron microscope (Fig. 7) shows unperceivable differences in the surface morphology and chemical analysis shows after 6 step of aging, a very compact surface with diameter of micro-cavities between 3 μm and 5 μm. The surface chemical composition shows high amount of calcium (33.43%) and small amount of Titanium (0.46%) almost constant after aging. 
Conclusions
The experimental work shows the photocatalytic activity of paint is very high at time zero [10] , remaining acceptable until the 6th step with maximum around 30%. Regarding the maintenance of color, only over the 5th step, there is a significant yellowing of the surface. The results of time rescaling indicate natural aging for the first 12 months corresponds to one step of artificial aging (48 cycles 1+2). The data of photocatalytic activity to one year of natural aging are not yet available.
The surface of the samples is virtually the same after aging. Additional data may clarify the decay characteristics of the product.
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